We measured optical and soft X-ray transmission of Optical Blocking Filters (OBFs) for Charge Coupled Device (CCD) cameras, which will be launched as focal plane detectors of X-ray telescopes onboard the Japanese 5th X-ray astronomical satellite, Astro-E 2. The filters were made from polyimide coated with Al. The X-ray absorption fine structures (XAFSs) at the K edges of C, N, O and K and L edges of Al were measured. The depth of the absorption edge of O was deep, compared to the other elements of polyimide. This is evidence of the oxidation of Al. The optical transmission is roughly less than 10 -6 except for a peak around the wave length of 550nm. Long term change of the soft X-ray transmission was measured. No significant change of the thickness of the oxidation layer was found during half year.
been reported [7, 8] . There is a possibility that the oxidation of the Al makes filters transparent for optical light. Thus, the precise and quantitative confirmation of the oxidation is required. We measured the soft X-ray transmission of flight candidates of the OBFs, paying attention to XAFS and the oxidation of Al. Also we measured the optical transmission and checked the consistency between them. If the Al had been oxidized, measurement of the long term stability of the performance of the filter is very important, because we do not know when the Al had been oxidized. Thus we measured the soft X-ray transmission and quantitatively estimated the oxidation at two times separating a half year.
THE OBFs FOR ASTRO-E 2
The Astro-E 2 satellite is a recovery satellite of Astro-E, which was launched on 10 Feb. 2000 but could not enter a satellite orbit. Thus, the Astro-E 2 satellite was proposed and was scheduled for launch in early 2005. Because of this short time scheduling, the design of Astro-E 2 is almost the same as that of Astro-E. The design of the CCD cameras is also similar. The properties of the CCD camera for Astro-E can be seen in various reports [9, 10, 11] , and some reports on the OBFs have also been published [8, 12] . However, the measurement of soft X-ray transmission of the OBFs for Astro-E was not sufficient. For Astro-E 2, we had an opportunity to measure the details of the soft X-ray transmission using synchrotron radiation. The first result of the X-ray transmission measurement had been published elsewhere [13] The OBFs, which were made by Luxel Co. LTD, are composed of a thin polyimide (C 22 H 10 O 4 N 2 ) film sandwiched by Al. Four cameras will be installed on the Astro-E 2 satellite and we have six OBFs including spares. Three films were made. Two pieces were cut from each film and were attached to two custom frames. A picture of the OBF is shown in figure 1 . The thickness measured by Luxel Co. LTD is summarized in table 1. The measurement configuration is schematically shown in figure 2. The beam intensity emerging from the monochrometer (after the Ni double-mirror system) was monitored by measuring the current of the photo-electrons from an Au-coated W mesh, which was installed in front of the samples. The beam was restricted by a slit, resulting in a beam size of 2 mm x 5 mm. The OBFs were installed on rotational axles and the OBFs could be put in or out of the beam. A window-less photodiode (AXW-100 TS) was used as a detector and its current was measured. A window-less Si(Li) detector cooled by LN 2 was also used to check the energy spectrum of the beam. The transmission of an OBF was calculated as a ratio of currents measured with a photodiode with the OBF and one without it after normalizing by the current of the photo-electrons from the Au-coated W mesh. The calibration of the absolute photon energy was conducted using a K-edge of a 4 µm thick pure Al for the 800-1800 eV setup. For the other three setups, C-K edge energy of a 7 µm kapton film was used. These were adjusted to 1559 eV and 284 eV, respectively, with an accuracy of ~1 eV. Derived X-ray transmission from Dec. 2002 experiment is shown in figure 3 , where the transmissions of six filters between 80eV and 1800eV are compiled. The X-ray Absorption Fine Structures (XAFSs) around the K-edges of Al, O, N and C were clearly measured. The X-ray transmissions of the six filters are almost same within ±1%. 
Optical Transmission
The expected optical transmission is less than 10 -6 in the visible range. This large dynamic range makes measurement difficult. The setup of the optical transmission measurement is shown in figure 5 . Optical light from a halogen lamp is introduced to a grating monochrometer. The measured wave length range is from 400nm to 900nm. Two kinds of filters were used to eliminate the higher order light, changing according to the measurement wave length. Three samples can be installed in a sample chamber. Usually, we installed two OBFs and one piece of a aluminized mylar. The direct beam can be measured between the samples. Finally the transmitted (or direct) lights was measured by a photo multiplier. First we measured the transmission of the aluminized mylar. The transmission was ranging from 10 -4 to 10 -3 .
Next we measured the ratio of the transmission between the aluminized mylar and the OBFs. In this case we made the halogen lamp bright enough to be able to detect the significant signal. Then we calculated the absolute transmission of the OBFs. The resultant transmissions of the six OBFs are shown in figure 6 . Two groups can be seen. One group with lower transmission is consisting of the OBFs made from R/N8913-2 film, and the other group with relatively high transmission contains those made from R/N8292-1 and R/N8292-2 films.
This difference corresponds to the difference of the Al thickness of roughly 10 nm. 
RESULTS AND DISCUSSION

Overall Structure of the soft X-ray transmission
To analyze the overall structure of the soft X-ray transmission, we first fitted the transmission, masking the regions of the complex XAFSs, by a two materials model composed of polyimide and Al using the available absorption coefficients [17] . In the energy region from 750eV to 950eV, the higher order light was contaminating and we removed this region. The thickness of the polyimide and the Al are determined for both the June and Dec. 2002 experiments and listed in table 3, where we assume the densities of Al and polyimide are 2.699 g cm -3 and 1.43 g cm -3 . The thickness of the Al is consistent with the Luxel values but the thickness of the polyimide is significantly thicker. Since the transmissions of the six OBFs are very similar, we calculated the average and the standard deviation for each experiment, respectively. The maximum of standard deviations is 0.56% and most of them are distributed between 0.2% and 0.5%. Thus, we assumed the error of 0.5% uniformly, and fitted the average transmission by the two materials model. The top panel of figure 7 shows the average transmission and the best fit model for the Dec. 2002 experiment. The residuals (data-model) are plotted in the middle panel of figure 7 . The best fit thickness is listed in table 3. The residuals, shown in the middle panel of figure 7 , indicate the edge depth of O of the data is deeper than that of the model, whereas the depths of the C and N are shallower. This means the existence of extra oxygen in addition to the contents of the polyimide. This may be due to the oxidation of Al, which has been pointed out in previous works [7, 8, 13] . Therefore, we fitted the data by the three materials model composed of polyimide, Al and Al 2 O 3 , where the density of Al 2 O 3 is assumed to be 3.97 g cm -3 . The residuals are shown in the bottom panel in figure 7 . Due to the extended X-ray absorption fine structures, the residuals are still wavy but the overall edge depths become much refined. The best fit thickness is listed in table 3. Although the thickness of Al is consistent with the Luxel value, the obtained thickness of the polyimide is still thicker than the Luxel values. If we compare the results of two experiments, the Al thickness becomes slightly thinner, whereas the polyimide thickness become thicker with roughly 6~7 nm.
The difference of the Al 2 O 3 thickness is 0.9 nm and is less than three sigma. The differences of the Al and polyimide thickness might be due to the systematic errors, because the difference of the actual transmission below C-K edge is less than 1 %. Otherwise, for example due to oxidation or contamination, the low energy part must be seriously affected. Thus the systematic error of our experiment is roughly 6~7 nm. The structures of six filters are very similar. The wavy transmission below 250 eV, as seen in figure 3 , is also due to the extended X-ray absorption fine structure (EXAFS) of the Al L-edge. The detail of XAFS analysis is beyond of this work. Since the structures are the same within ±1 %, and considering the energy resolution of the CCD of ~50 eV at the O-K edge [6, 11] , the average of the six OBFs provides a sufficient transmission model of the OBFs, including the complex XAFSs. The difference of the XAFS between the June 2002 and Dec, 2002 is not significant. A small difference in the near edge structure of Al K edge can be seen. Thus might be due to the difference of the resolution of the monochrometer of the beam line. 
XAFS
Optical transmission
The difference of the optical transmission of the two kinds of films are explained by the ~10nm difference of the Al thickness. The X-ray transmission also indicates that Al of the 8913 film is thicker than that of 8929 film, although the value is ~5 nm difference. This discrepancy may be also due to systematic error.
CONCLUSION
We measured the soft X-ray transmission of the optical blocking filter for the CCD cameras onboard Astro-E 2. Six filters were almost the same transmission within ±1% in the energy range from 80 eV to 1800 eV. Thus, the average data provided a good model transmission including XAFS. Small gaps of the measurement could be interpolated and the energy region above 1800 eV could be extrapolated using the best fit model. We found the existence of the extra O by the comparison of the depth of the absorption edges, comparing the two materials model composed of polyimide and Al. This discrepancy can be reconciled by introducing the Al 2 O 3 . The change of the thickness of the Al 2 O 3 was not significant and less than 3 sigma during the half year. The optical transmission of the six OBFs were measured. All the OBFs have the transmission less than 4×10 -6 in the energy range from 400nm to 900 nm. The optical transmission is depending on the film lot. The difference of the optical transmission corresponds to the difference of the Al thickness of about 10 nm, whereas the results of the soft X-ray transmission indicate 5 nm difference.
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